School of Psychology, University Park, University of Nottingham, Nottingham NG7 2RD, UK. E-mail: antonia.hamilton@nottingham.ac.uk researchers have looked to other forms of communication, such as facial communication, for possible evolutionary precursors to human speech [1] . Facial communication may be particularly relevant for understanding the origins of speech, because facial movements are critical for both the production and comprehension of spoken words (for example [4] ). One common form of facial movement observed across a wide variety of primate taxa is 'lipsmacking' [5] , an action that involves rapid opening and closing of the mouth and lips [1] . More notably, lip-smacking has a periodicity that closely matches the periodicity of the gaps between syllables in many human languages (2-7 Hz [6] ). This periodicity may be a fundamental aspect of human speech; and indeed, studies have shown that disruption of this rhythm impairs our ability to comprehend speech [7] . Ghazanfar and colleagues [1] recently demonstrated that the facial movements involved in macaque (Macaca sp.) lip-smacking are very speech-like in their synchronization and rhythm (features that contrast with other facial movements such as chewing). These authors suggested that lip-smacking may have been an evolutionary precursor to speech.
Primate vocalizations are, however, typically produced without movement of the lips, jaw, and tongue, resulting in a steady sound that lacks the undulations of human speech [8] . Although some primate vocalizations occasionally include limited facial movements, such movements are neither rhythmic nor do they produce speech-like periodicity (for example, the display call of geladas [3] ). One possible example of a call involving complex facial movements is the 'girney' vocalization found in several macaque species. Girneys have been described as being produced in conjunction with lip movements and teeth chattering, though spectrograms of the call do not indicate any periodicity (for example [9] Evidence that non-human primates are indeed able to vocalize while simultaneously producing rhythmic facial movements would lend initial, but important, support to the notion that lip-smacking is a plausible evolutionary step towards speech. Here, I report that a wild primate, the gelada (Theropithecus gelada), makes a derived vocalization (the vocalization is absent in their close relatives, the Papio baboons) that is produced while lip-smacking, called a 'wobble'. The rhythm of wobbles (6-9 Hz) closely matches that of human speech, indicating that a vocalized lip-smack produces sounds that are structurally similar to speech. Geladas are highly gregarious primates with a relatively large vocal repertoire. Their independent evolution of a speech-like vocalization involving complex facial movements provides initial support for the hypothesis that lip-smacking was a precursor to the emergence of human speech.
Research on the evolutionary origins of human speech has often focused on non-human primate (hereafter, primate) vocal communication (for example [2] ). But many critical components of human speech are conspicuously absent from the vocalizations of primates, including a diverse repertoire of sounds [3] . Perhaps because of this, 3.8-10.0 Hz; five vocalized cycles 0.13-0.2 seconds, 5.0-7.5 Hz).
The speech-like periodicity of wobbles provides a promising evolutionary analog to human speech. This discovery shows that vocalized lip-smacking is not only possible, but that it results in a rhythmic vocalization that mirrors the periodicity found in human speech -both necessary requirements for the lip-smacking hypothesis of speech evolution. Although these results support the possibility of such an evolutionary pathway, they certainly do not necessitate that speech evolved along this route. There is much to be explored about the evolution of human speech, perhaps most importantly how the production of complex sounds came to represent complex meanings. if macaques only rapidly alternate between lip-smacking and vocalizing, this suggests some overlapping function that could favor a vocalized lip-smack -a critical step linking lip-smacking and the evolution of speech. What has heretofore been lacking is an example of a rhythmic primate vocalization that is produced in conjunction with complex facial movements.
Supplemental Information
We have recordings from wild geladas (a terrestrial, Old World monkey that is a close relative of baboons, Papio spp.) that demonstrate the non-human primate ability to produce a vocalized lip-smack. This vocalization is apparently unique to geladas (it is absent in Papio) and has recently been described as a 'wobble' [3] . Wobbles are primarily produced by adult males during affiliative interactions with females [3] . Close observations indicate that a wobble results from the simultaneous production of a 'moan' (a common vocalization in geladas that is produced by both inhalation and exhalation) and lip-smacking [3] (see the Supplemental Information for a movie of a gelada performing this vocalization). Based on focal sampling, wobbles are produced at modest rates in males (0.40 ± 0.48 vocalizations per hour, N = 28 males) and only rarely in females (0.02 ± 0.07 vocalizations per hour, N = 96 females). A small subset of these vocalizations (six wobbles from six different males) were recorded in the field and available for acoustic analysis using the Praat software [10] . The duration of the calls ranged from 0.41-1.09 seconds with one to five discernable cycles (each cycle corresponds to an opening and closing of the mouth). To quantify the cycle length, I created 'intensity tiers' [10] from the call using a minimum frequency of 35 Hz (all other settings were the defaults for Praat) and calculated the time between subsequent tiers corresponding to local amplitude maxima, (Figure 1 
